where, V(X,t) represents the Lyapunov function of Eq.(2), V(X,t) is the differential equation of Eq. (2). V(X,t) will assume negative definite value when the Eq. (2) (6) then the equation (5) may be arranged as follows.
According to the literatures (2) and (3), the settling time T0 or the convergence time for V(X,t) to reach the steady state is to be determined by the following method. Assuming that the positive definite matrix of the Eq. (2) has to be Q, then by putting_??_ (8) and putting the differentiation of Eq. (8) as V(X,t)=-XTQX (9) a positive definite solution P will exist, as long as matrix A is stable, which satisfy the following equation.
Q=-•kATP+PA•l (10)
Thereat, T0 will be given by the inverse of the minimum eigenvalue of QP-1 namely,_??_
The required time for system to be within a given settling circle is given by_??_
Eq. (12) is the Lyapunov function. From the properties of function one is able to show stability or instability of the system. In the other word, the shows the flowchart for determining the settling time after load shedding.
3. Fundamental structure of the expert system The proposed expert system which supports the system operators to select the optimal load shedding points consists of four basic components:
(1) Working memory.
(2) Inference engine. Structure of the expert system is depicted in Fig.   3 and function of each component can be described as follows.
Working memory
The working memory is the most basic function in the expert system. It holds data concerning the present system state obtained by the data acquisi tion module and the state estimation module. It also transfers the control commands of load shedding to the candidate load points. These temporary data are used by the inference engine to drive the rules, in the sense that the presence or absence of system data element in the working memory will fire some rules, by satisfying their activation patterns. The data for the present system state, (these are facts of the controlled power system) include system vari ables and system topologies expressed in the repre sentation form as follows:
For node-i, In this application, a personal computer (PC-9801 VM,NEC Co.) has been used for developing a prototype expert system supported by an Al tool (EXSYS,EXSYS Co.).
The inference engine is spurred to act whenever the amount of generation loss exceeds its predeter mined upper limits after generation outage. At each reasoning cycle, the inference engine examines which rules in the knowledge base are capable to be satisfied. The function of inference in the knowl edge base system is illustratd in Fig. 4 .
Knowledge base
The knowledge base constitutes the core of the expert system, which stores empirical or heuristic knowledge required for determining the control commands for load shedding. These knowledge must be encoded in a form which is amenable to digital processing. The knowledge base in the proposed system consists of four sub-knowledge bases as follows:
(1) Knowledge base for inference start. 
Data base algorithmic software
A numerical data base and algorithmic software packages are also indispensable in the decisionmaking of the control commands for load shedding.
The data base stores various numerical information according to system structure and system parame ters, as follows:
The number of power generation stations and load points.
(2) System parameters.
(3) Amount of loss of generation. Positive-sequence Impedance Z=0.004+j0.362
12/km System Frequency f=60Hz
Transient salient reactance is assumed for each generator unit and system parameters are shown in Table 1 .
Prefault power system operation condition
Prefault power flow, magnitude of voltage, and phase angles of the power system are shown in Fig.   7 . The effect of governor characteristics are repre sented by damping coefficients of the respective gen erator. Load power factor is assumed to be 100%.
The following values shown in Fig . 7 are based on the per unit values of 275kV and 1 ,000MVA.
Internal voltage and phase angle of each generator unit are shown in Table 2 .
Response characteristics
Application results of optimal load shedding scheme incorporated with expert system are shown under the aforementioned conditions. Generation outage is assumed to occur at the generator G5 of node 5 in Figs. 6 and 7. Corresponding output fail ure is assumed and listed in Table 3 . Simulation of generator outages is made for cases of 15,20,25, and 30% of total system capacity which is as large as 4-jl. 14pu(MW,MVar). Load shedding is assumed to be executed within 5s. The settling circle radius which is a prespecified convergence domain is assumed to be 1Hz. Also, the settling time is determined by off-line computation and stored in the data base in the expert system, as shown in Table 3 .
In Tables 3 and 4 , the total amount of load shed ding made at designated nodes are equal to the amount of generator outage.
The settling time shown in Table 3 is determined by the proposed method based on Lyapunov function. In this study, we applied another methodology, Runge-Kutta, to demonstrate the adequacy of the proposed Lyapunov function. Therefore, the settling time obtained by solving the swing equations of each Professor Shirai is a member of the IEEE and the IEE of Japan.
